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P
olyaniline (PANI) doped with dodecyl benzene sulphonic acid (DBSA) was
directly synthesized by aniline polymerization in the presence of DBSA in an
aqueous medium. The temperature and colour changes of the polymerization

reaction were carefully recorded and found that the polymerization of aniline begins
after 80 min with changing reaction colour from white to pale blue. Fourier transform
infrared (FTIR), elemental analysis, thermogravimetric analysis (TGA), differential
scanning calorimetry (DSC) and X-ray diffraction (XRD) techniques were used to char-
acterize and analyze the thermal characteristics of the doped PANI sample. In the
FTIR spectrum, the peak related to NH+…SO3

- interactions between the polymer
chain and the dopant appeared at 1026 cm-1. The obtained TGA curve has illustrated
three major stages in the weight loss of the doped PANI. These three weight loss
stages were accounted to the evaporation of moisture, evaporation of DBSA, and the
chemical structure degradation of PANI. The moisture, DBSA, and PANI contents of
the product were calculated from TGA curve and it was shown that approximately 6.65
aniline repeating units have been doped with one DBSA molecule. The DSC thermo-
gram has shown two endothermic peaks around 120ºC and 280ºC due to the evapo-
rations of moisture and DBSA, respectively. The analysis of XRD spectra confirmed
that a chemical cross-linking reaction occurs between the PANI chains during thermal
treatment and increases the amorphous state of the sample. The resultant electrical
conductivity examination at the heating temperature of 100ºC has shown that at the
heating time of 30 min the doped PANI possessed maximum electrical conductivity
which  decreased by increase in heating time.
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Polyaniline (PANI) is an important

member in the family of intrinsical-

ly conducting polymers. Due to its

unique electrochemical properties,

low cost, and good environmental

stability, PANI has been extensively

studied by many scientists [1–5]

and developed in many applications

such as secondary batteries [6,7],

biosensors [8,9], corrosion protec-

tions [10,11], anti-static packaging

materials, and light-emitting diodes

[12,13]. The chemical oxidization

and electrochemical synthesis are

two major routes for preparing

PANI. The former method is more

effective in mass production of

PANI, but the latter is used for easy

control of PANI morphology and

electrical properties [14].

 



Depending on the synthesis conditions, PANI can be

obtained in several forms with different structures of the

repeating units. The main forms of PANI are leucom-

eraldine base (LEB), emeraldine base (EB), pernigrani-

line base (PNB), and metallic emeraldine salt (ES). The

EB constitutes a form of PANI which after protonation

provides the highest electrical conductivity. The EB

form of PANI is difficult to process due to lack of solu-

bility. This is a result of the stiffness of polymer back-

bone and the hydrogen bonding between adjacent poly-

meric chains. Another reason that limits its industrial

application is its instability at melt processing tempera-

ture [15,16]. The EB form of PANI is insoluble in com-

mon organic solvents, but can be dissolved in 1-methyl-

2-pyrrolidinone (NMP). The solubility of EB in NMP

can be used for the processing of films and fibres.

However, it is difficult to dope the EB because of the

slow diffusion of protons into the solid. Consequently,

finding a procedure to prepare a soluble PANI has

remained an interesting goal.

Recently, several methods have been developed to

improve the processibility of PANI by increasing its sol-

ubility in various solvents. A considerable progress has

been made in the processing of PANI by synthesis of

alkyl or alkoxy ring-substituted or N-substituted PANIs

[15,17,18]. The obtained PANIs were soluble in some

common organic solvents, but had low conductivity. In

another work, PANI colloids were synthesized and char-

acterized by grafting copolymerization of aniline

monomers onto a modified polymeric surface [19]. The

results showed that this form of PANI is more process-

able than the bulk powder that was normally obtained

from the conventional chemical oxidation synthesis. In

addition, a biologically derived conducting and water

soluble PANI was synthesized by using a polymeric acid

such as sulphonated polystyrene as template for the

chemical oxidation polymerization [20]. Recently, the

functionalized protonic acids have been used as dopants

in place of inorganic acids. The incorporation of func-

tionalized acids such as dodecyl benzene sulphonic acid

(DBSA) or 10-camphorsulphonic acid onto PANI back-

bone via doping process results in improving the solu-

bility of the resulting PANI in organic solvents [21,22].

A new emulsion polymerization process for PANI has

been reported that a truly soluble and conducting ES

form of PANI is directly synthesized without a need for

post-doping process [23].

This research work describes a direct one-pot method

for aniline polymerization in the presence of DBSA in

an aqueous solution. In this polymerization method,

DBSA acts both as a surfactant and a dopant [24]. The

aqueous PANI-DBSA dispersions are stabilized by

DBSA molecules through forming strong hydrogen

bonds. This method provides a simple, inexpensive, and

convenient synthesis route of a stable and processable

conducting polymer. According to an industrial point of

view, it would be useful to be able to thermally process

this material by using conventional techniques such as

extrusion, compression moulding, stretching, and

rolling. This paper focuses on the thermal properties

study of the PANI-DBSA powder and tries to set up a

new way to estimate the number of dopant attached to

each aniline unit by weight loss percentages. Also, the

crystallinity and electrical conductivity of the PANI-

DBSA particles are studied by XRD and the four-point

measurement methods, respectively. 

EXPERIMENTAL

Materials

Aniline (99.5%) was purchased from Aldrich and puri-

fied by distillation under vacuum. Dodecyl benzene sul-

phonic acid (DBSA) and ammonium persulphate (APS,

98.5%) were purchased from Merck and used as

received. 

Preparation of Pure Polyaniline (PANI) 

Pure polyaniline (PANI) was synthesized based on the

described procedure by Jayakannan et al. [1]. In a three-

necked flask, 25.3 g (275 mmol) of distilled aniline was

dissolved in 500 mL of HCl (1 M) and cooled to 0°C

using an ice bath. Then, a solution of 78.1 g (343 mmol)

of APS in 250 mL of HCl (1 M) was slowly added into

the cooled flask. The pink colour appeared immediately

and turned into deep blue. After 5 min, a green coloured

polyaniline-HCl emeraldine salt started to precipitate

from the solution. The polymerization was further pro-

ceeded by stirring at 30°C for 24 h. The precipitate was

filtered and washed with HCl (1 M) for three times and

stirred in a flask containing aqueous ammonia solution

(1 M). The blue precipitate was stirred for 3 h at room

temperature to ensure the completion of de-doping. The

resultant blue EB was filtered and washed with water,
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methanol, and acetone, respectively to remove the unre-

acted starting materials and oligomers. Finally, the blue

EB was collected and dried in a vacuum oven at 80°C

for 12 h to give 21 g (84.5%) of PANI. 

Preparation of the PANI Doped with DBSA (PANI-

DBSA)

In a 1-L flat bottom flask as a reactor, 8.3 g (90 mmol)

of aniline was mixed with 29.3 g (90 mmol) of DBSA

and 400 mL of distilled water to form a homogeneous

milky white dispersion of anilinium-DBSA complex.

The flask equipped with a thermometer was placed into

an ice bath containing salt and cooled to 0-5°C. Then,

20.5 g (90 mmol) of APS was dissolved in 200 mL of

distilled water and added into the flask during 2 min at

the above temperature range. The mole ratios of ani-

line/DBSA/APS were 1:1:1. The temperature and colour

changes of the polymerization reaction were carefully

recorded. After 24 h, the dark green suspension of the

PANI-DBSA powder was precipitated with 600 mL of

acetone. The precipitant was filtered and washed with

deionized water for several times until the filtrate was

colourless. The pH value of filtrate was tested by a pH

test paper, until the pH of filtrate was as the same as that

of the deionized water. Then, the product was collected

and dried at 60°C for 48 h to give 23.2 g (61%) of PANI-

DBSA powder.  

FTIR Spectra

A Fourier transform infrared spectrophotometer (FTIR;

Shimadzu 4300) was applied to record the infrared spec-

tra of pure and doped PANI samples by use of KBr pel-

lets in the range of 4000-400 cm-1.

Elemental Analysis

Elemental analysis of C, H, N, and S was performed by

a Fisons Elemental Analyzer EA-1108.

TGA Analysis

Thermogravimetric analysis (TGA; Perkin Elmer model

TGA 7) was conducted to measure the weight loss of the

PANI doped with DBSA in the temperature range 30°C

to 700°C with a rate of 10°C/min. The weight losses of

different stages were analyzed. Also, the weight loss of

the pure DBSA was examined by the same temperature

range and heating rate.

DSC Thermal Analysis

A differential scanning calorimeter (DSC; Perkin Elmer

model DSC 7) was used to examine the thermal proper-

ties of the PANI doped with DBSA in the temperature

range from room temperature to 375°C with a heating

rate of 20°C/min. After the end of first run, the sample

pan containing the sample powder was naturally cooled

down to room temperature. Then, this sample pan was

reheated from room temperature to 375°C with a heating

rate of 20°C/min again. These two °thermodiagrams

were recorded, analyzed, and compared.

XRD Analysis

X-ray diffraction (XRD; Rigaku model D-MAX-2B)

was used to analyze four different samples of the doped

PANI powder. One sample was not thermally treated,

and the others were isothermally heated at 100°C,

200°C, and 300°C for 1 h, respectively. Then, the heat-

ed samples were slowly cooled down to room tempera-

ture. XRD results were obtained in the range 5-50° (2θ)

at a scan rate of 4°/min.

Electrical Conductivity Measurement

The four-point measurement method was used to exam-

ine the electrical conductivity. For this purpose, seven

samples of the PANI-DBSA were examined. One sam-

ple was not thermally treated and the others were

isothermally heated at 100°C for an interval time of 30

min.

RESULTS AND DISCUSSION

A stable doped PANI aqueous dispersion was obtained

from aniline polymerization in the presence of DBSA.

The obtained dark green suspension was precipitated by

acetone at the end of polymerization reaction. Acetone

not only decreased the viscosity of the reaction solution,

but also removed the residual DBSA. Since, the molar

ratio of aniline/DBSA in the reactor was 1:1, but at the

end of the polymerization process, an excess amount of

DBSA remained in the reactor. The excess DBSA

formed micellar structures and also acted as a surfactant

which stabilized the dispersion of the doped PANI par-

ticles. The stability of the aqueous PANI–DBSA disper-

sion was maintained by the presence of excess DBSA

molecules forming strong hydrogen bonds with the
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PANI–DBSA particles. The hydrophobic tails of free

and bonded DBSA molecules tended to arrange in a way

that they all would turn to each other, while the

hydrophilic groups of the free DBSA turned toward the

aqueous phase. The molecular conformation of the

doped PANI chains may be affected both by the mole-

cule−molecule (intramolecule) interactions and mole-

cule−aqueous medium interactions [24].

The temperature and colour changes of the polymer-

ization reaction solution were carefully recorded. As

shown in Figure 1, one decreasing temperature period

(A) and two significantly increasing temperature peri-

ods (B and C) were resulted from the polymerization of

aniline monomers. The decreasing temperature period

(A) showed that no polymerization reaction has

occurred. Before adding the APS solution, the tempera-

ture of the solution was about 3.5°C, and the colour was

milky white. After adding the APS solution, the temper-

ature of the solution decreased from 3.5°C to 2.8°C until

80 min and the colour of the solution remained milky

white. However, the colour of the reaction solution

turned pale blue, blue, and turquoise during 80 to 150

min. This colour changes indicated the formation of

pernigraniline oxidation state of PANI. Since the poly-

merization of aniline monomers is an exothermic reac-

tion, the temperature of the solution also increased from

2.8°C to 4.2°C. During 150 to 175 min, the temperature

of the solution significantly increased from 4.2°C to

6.0°C and the colour became green and dark green. This

was an indication of the conversion of the pernigraniline

oxidation state to the emeraldine oxidation and reduc-

tion state of PANI. The green colour of the solution was

resulted from the dispersion of the PANI doped by

DBSA. The higher doping amount of DBSA on the

backbone of PANI resulted in the darker green colour.

The chemical structure of the PANI doped with

DBSA is schematically presented in Scheme I. The

charged (SO3) head group of DBSA has been associated

with the positively charged backbone provided a solubi-

lizing side chain compatible with organic solvents such

as chloroform, m-cresol, dimethylsulphoxide, toluene,

and xylene.

Figure 2 shows the FTIR spectra of pure PANI and

PANI-DBSA samples. The two peaks at 1587 and 1485

cm-1 are due to the C=C stretching vibrations of quinoid

and benzenoid rings, respectively. The peaks at 1317

and 830 cm-1 are corresponding to C–N stretching and

C–H out-of-plane vibrations of 1,4-disubstituted ben-

zene ring, respectively. The appearance of new peaks in

the doped PANI sample at 1317 and 670 cm-1 are attrib-

uted to the symmetric and unsymmetric stretching

vibrations of O=S=O and S–O groups, respectively. The

peak at 1026 cm-1 is due to NH+…SO3
- interaction

between the polymer chain and the dopant. 

A Direct One-pot Method for Synthesis of Poly ... Babazadeh M. 

Iranian Polymer Journal / Volume 16 Number 6 (2007)392

Scheme I. The chemical structure of the PANI doped by DBSA.

Figure 1. The temperature and colour changes of the poly-

merization reaction solution.

Figure 2. The FTIR spectra of (a) pure PANI and (b) PANI

doped by DBSA. 



For further investigation of the PANI-DBSA struc-

ture, elemental analysis was used to determine the

degree of sulphonation (S/N ratio) of PANI chains.

Table 1 shows the elemental composition of the PANI

doped with DBSA. The results show that the sulphur-to-

nitrogen ratio is 0.35. Based on the S/N ratio, it was

found that approximately one sulphur atom per 6.6 ani-

line units exists in the polymer structure. 

Figure 3 shows the TGA results of pure DBSA and the

PANI-DBSA powder. The degradation of pure DBSA

begins at around 250°C. There are three major stages for

the weight losses of the doped PANI powder sample. The

first weight loss at around 100°C is due to the evapora-

tion of moisture. The second weight loss starting at

around 300°C represents the evaporation and degrada-

tion of pure DBSA. At this stage, the NH+…SO3
- inter-

action between the polymer chain and the dopant is

destroyed and degradation of DBSA is started.

Therefore, the starting degradation temperature of the

doped PANI is higher than that of the pure DBSA. The

third weight loss at the higher temperature (450°C) indi-

cates the chemical structure decomposition of the back-

bone of PANI. These results showed that the thermal sta-

bility of the PANI-DBSA is higher than pure DBSA.

The moisture and DBSA contents of samples were

calculated from TGA curve of the PANI-DBSA. As

shown in Figure 4, the moisture and DBSA contents are

around 8% (∆Y1) and 33% (∆Y2), respectively.

Therefore, the weight percentage of PANI should be

around 59%. Eqn (1) was used to estimate the number of

the doped aniline repeating units per one DBSA mole-

cule in sample. 

In eqn (1), ∆Y1 (the weight loss due to moisture evap-

oration), ∆Y2 (the weight loss due to DBSA degrada-

tion), M1 (the molecule weight of aniline), and M2 (the

molecule weight of DBSA) were substituted by 8, 33,

92, and 326, respectively. Then the value of X (the num-

ber of aniline repeating units) was calculated and

obtained to be approximately 6.65. It implies that about

6.65 aniline repeating units have been doped with one

DBSA molecule. Similarly, the obtained results showed

that approximately 1.5 aniline repeating units contain

one water molecule. In order to reduce the error, the

sample has been tested three times and average values

are presented. Therefore, the obtained results from ele-

mental analysis and TGA are fully compatible on dop-

ing level of PANI.  

Figure 5 shows two DSC thermal analysis curves.

Curve (a) with two endothermic peaks represents the first

DSC thermodiagram of the PANI-DBSA. The first
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Figure 3. The TGA curves of the pure DBSA and the PANI

doped with DBSA.

Figure 4. The TGA curve of PANI doped with DBSA showing

the moisture (∆Y1) and DBSA (∆Y2) contents.

Polymer C (%) H (%) N (%) S (%)

PANI-DBSA 76.90 4.26 10.11 3.54

Table 1. Elemental composition of the PANI doped with DBSA.

100-   Y1-   Y2

Y2
=

M1×X

M2×1
  (1)



endothermic peak at 60−140°C is due to the removal of

moisture from sample and the second endothermic peak at

220−300°C is resulted from the removal of DBSA and

other small molecules. These obtained results are in agree-

ment with the TGA data. The second DSC thermodiagram

of the same doped PANI sample (curve b), has no signifi-

cant  endothermic or exothermic peaks and it shows that

almost all the moisture and DBSA of the sample are evap-

orated due to the first run of the thermal treatment. 

During the first run of the DSC thermal analysis, a

cross-linking reaction has occurred between the PANI

chains giving rise to a three-dimensional chemical struc-

ture (Scheme II). This cross-linking reaction may be

attributed  to  the  coupling    of    two      neighbouring 

–N=Q=N– groups (where Q represents the quinoid ring)

to give two –NH–B–NH– groups (where B represents

the benzenoid ring) through a linking  nitrogen with its

neighbouring quinoid ring, as suggested by Scherr et al.

[25].

Figure 6 shows four XRD analysis spectra of PANI-

DBSA samples. For the doped PANI powder without

thermal treatment (curve a), the XRD spectrum has indi-
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Figure 5. The DSC thermal analysis curves of the PANI-

DBSA powder at heating rate of 20ºC/min: (a) first run and (b)

second run.

Figure 6. The X-ray diffraction spectra of four samples of the

PANI doped with DBSA: (a) unheated; (b) heated at 100ºC for

1 h; (c) heated at 200ºC for 1 h; (d) heated at 300ºC for 1 h.

Scheme II. Thermal cross-linking reaction between PANI molecule chains.



cated a broad amorphous diffraction peak around

20°and two weak crystalline peaks around 15° and 25°.

Curves (b) and (c) represent the XRD spectra of the

doped PANI samples heated isothermally at 100°C and

200°C for 1 h. These spectra are almost similar to curve

(a). Curve (d) shows the doped PANI powder heated

isothermally at 300°C for 1 h. This XRD curve indicates

that the doped PANI is completely amorphous.

Therefore, these obtained results confirmed chemical

cross-linking reaction during the thermal treatment

process. The three-dimensional chemical structure

apparently decreased the crystallinity and increased the

amorphous state.

Figure 7 shows the effect of heating time (heating

temperature = 100°C) on the electrical conductivity of

PANI doped by DBSA. As shown in Figure 7, the doped

PANI by DBSA shows a high conductivity at a heating

time of 30 min, which decreases when the heating time

increases. Finally, the curve reaches a steady electrical

conductivity value up to the heating time of 180 min.

This implies that increasing heating time at 100°C caus-

es most NH+…SO3
- interactions between the PANI

backbone and DBSA molecules to be destroyed and the

electrical conductivity of the PANI−DBSA to be

decreased. 

There are two major factors affecting the electrical

conductivity of PANI-DBSA sample. One is moisture,

and the other one is the amount of DBSA doping onto

the backbone of PANI. The electrical conductivity curve

possessed a maximum at a heating time of 30 min,

which was related to the reduction of moisture in the

sample. Both PANI and DBSA are very hygroscopic,

and the presence of water in the compounds prior to

making solutions, reduced the solubility of the complex

and increased the amount of aggregation in the solu-

tions. Aggregation of the doped PANI molecules in

solution gave rise to a doped PANI with higher moisture

content and more screened charges on polymer back-

bone. Therefore, lower moisture content causes the

charges on the polymer backbone to be less screened.

CONCLUSION

It is evident from the reaction temperature and colour

changes of the solution of polymerization reaction that

the polymerization of aniline, begun at 80 min of reac-

tion process, the colour of solution turned from milky

white to  pale blue, blue, and turquoise, respectively.

The colour changes have indicated the formation of

pernigraniline oxidation state of PANI and as a conse-

quently the temperature of the reaction solution

increased from 2.8°C to 4.2°C. Between 150 to 175 min

of reaction time, the colour became green and dark

green and the temperature of the solution significantly

increased from 4.2°C to 6.0°C. This also was an indica-

tion of the conversion of pernigraniline oxidation state

to an emeraldine oxidation followed by the reduction

states of PANI. The TGA results have illustrated that

about 6.65 aniline repeating units are being doped with

one DBSA molecule, and every 1.5 aniline repeating

unit has absorbed one water molecule. The XRD results

showed that the PANI doped with DBSA sample (at

300°C for 1 h) had only a broad amorphous diffraction

peak due to the chemical cross-linking reaction between

some PANI chains. The maximum electrical conductiv-

ity of the doped PANI was resulted at a heating time of

30 min when the heating temperature was 100°C, and

then decreased with increasing heating time. 
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